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ABSTRACT
When infectious bovine rhinotracheitis (IBR) virus infected
MDBK cells were overlaid with Eagle's MEM lacking a single amino
acid, virus yields were' lowered. The omission of either arginine
or leucine greatly reduced viral yields; but, further
supplementation of MEM medium with either of these amino acids
resulted in virus yields higher than controls. The
configurations and structures of these two essential amino acids
were found to be influential in determining final yields.
Radioisotope experiments with both uninfected and virus-infected
cultures, demonstrated that the omission of arginine or leucine
3
from the nutrient medium affected incorporation of H-valine and 
3
H-thymidine into protein and DNA, respectively. Inhibitor 
studies showed that arginine is required in the later stages of 
IBR-virus replication.
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INTRODUCTION
Although little is known about the nutritional 
requirements for viral replication, it now represents a problem of 
special interest in the biochemistry of virus-infected cells. 
Studies over the past decade have dealt mainly with DNA viruses, 
with emphasis on the herpes group. With the exception of the 
amino acid arginine which appears to be essential in all cases, 
different viruses exhibit few common requirements. This arginine 
requirement for herpes virus replication was reported by Tankersley 
(1964), Roizman, Rousta and Borman (1965) and Sharon (1966) and 
confirmed by Becker, Olshevsky and Levitt (1967), Inglis (1967) 
and Mark and Kaplan (1970).
The effects of arginine deprivation on viral replication
are not limited to herpes viruses. Similar reports have been
published for members of the adenovirus (Rouse, Bonifas &
Schlesinger, 1963), papovavirus (Goldblum et al., 1968) and
poxvirus (Holtermann, 1969) groups. Although these are DNA-
containing viruses, Loh and Oie (1969) have recently demonstrated
♦
the importance of arginine for the replication of reovirus, a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2double-stranded, RNA-containing virus.
Attempts to relate arginine requirement with a need for 
basic amino acids (Inglis, 1967) have proven unsuccessful. It is 
known that histidine (Tankersley, 1964) and lysine (Loh & Oie, 1969) 
are essential for optimal viral yields but for different virus-cell 
systems.
Even though it has been recognized that the omission of 
leucine results in reduced viral yields (Tankersley, 1964;
Goldblum £t_ al., 1968; Holtermann, 1969; Loh & Oie, 1969;
Fitzgerald & Cutchins, 1970), its role in the replicative cycle has 
not been defined. Most reports dealing with arginine, however, 
agree that its omission affects the later stages of viral synthesis 
(Becker e_t al., 1967). These deprivation effects are thought to 
have a biochemical basis whereby the lack of arginine prevents the 
formation of proteins required in viral maturation (Rouse _et al.', 1967).
In this project, experiments were undertaken to study the 
nutritional requirements of infectious bovine rhinotracheitis (IBR) 
virus, a member of the herpes virus group, in Madin and Darby’s 
(1958) bovine kidney cell line. Preliminary studies have shown that 
omission of any one amino acid in Eagle's minimal essential medium 
(Eagle, 1959) reduced viral yields. Since the greatest reduction 
occurred when arginine or leucine was omitted, an attempt was 
made to evaluate their importance in IBR replication.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
MATERIALS AND METHODS
Virus
The Colorado strain of infectious bovine rhinotracheitis 
(IBR) virus generously supplied by Dr, A.Brown, Norden Laboratories, 
Lincoln, Nebraska, was used. Virus stock was prepared according to 
Sabina and Parker (1963) and stored at -60°C. This stock had 
infectivity titers of about 2.4 x 10^ plaque forming units (p.f.u.)/ml 
All experiments with virus were performed at a multiplicity of 
ca. 4 p.f.u. per cell.
Cells and Media
The bovine kidney cell line designated MDBK (Madin & Darby, 
1958) used throughout this investigation was obtained from 
Baltimore Biological Laboratory, Baltimore, Maryland. These cells 
were grown in medium ELaY-lOFCS as previously described (Sabina & 
Parker, 1963). To investigate the amino acid requirements for IBR 
virus replication, Eagle’s synthetic minimal essential medium (MEM) 
(Eagle, 1959) was used without and with amino acid (s) deleted.
3
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4Experimental Design
Two-day old confluent cultures of MDBK cells in 1-oz. 
prescription bottles were infected with IBR virus. After 1-hr 
adsorption at 37°C cell layers were washed with Hank’s balanced 
salt solution (HBSS) to remove unadsorbed virus. Cultures were 
then overlaid with MEM, MEM lacking the specific amino acid under 
test, or MEM containing a specific amino acid substitute. Most 
experiments were incubated for 24-hr at 37°C. Samples were then 
frozen and thawed three times and cellular debris removed by 
centrifugation at lOOOg for 10 minutes at room temperature. The 
supernatant fluids were stored at -60°C until titrated by plaque 
counts.
Virus Assay
IBR virus was assayed by plaque counting in monolayers of 
MDBK cells in 60-mm petri dishes (Falcon Plastics, Los Angeles, 
California). Dilutions of the virus were made in HBSS. One-half 
ml of appropriate dilutions were allowed to adsorb at 37°C for 1-hr 
with frequent agitation to facilitate even plaque distribution.
Five ml of agar-overlay medium (Sabina & Munro, 1969) were added 
and the plates incubated in 5% C0£ in air at 37°C. At
*
approximately 72-hr the agar-overlay was removed and the plaques 
counted.
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5Chemicals
Amino acids specified in Eagle’s MEM were purchased from 
General Biochemicals, Chagrin Falls, Ohio; D-arginine, D-leucine, 
L-citrulline and L-canavanine from Sigma Chemicals, St. Louis, 
Missouri; glycylleucine, leucyltyrosine, and glycylleucyltyrosine 
from Mann Research Laboratories, New York, N.Y.; L-homoarginine 
from Nutritional Biochemicals Corporation, Cleveland, Ohio; and 
L-ornithine from Difco Laboratories, Detroit, Michigan.
Isotopes and Inhibitors
%-L-valine (S.A. 1.5 Ci/mM) and ^H-thymidine (S.A. 1.5 Ci/mM) 
were obtained from Amersham/Searle, Des Plaines, Illinois. 
Cycloheximide was purchased from Nutritional Biochemicals Corporation, 
Cleveland, Ohio.
Radioactive Pulsing Experiments
The procedure for the preparation of IBR-infected cultures 
with different media was as described under Experimental Design. 
Duplicate virus-infected cultures were pulse-labeled with 
%-thymidine (4uCi) or %-L-valine (4uCi) at various times after 
infection. Following a one-hour pulse, cultures were drained and 
washed twice with cold HBSS. Cold 0.5N perchloric acid (HCIO^) 
was immediately added to each bottle and the acid-precipitated cells
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6were stored overnight at -20°C. Uninfected cultures were treated 
similarly.
To isolate the DNA-containing fraction, monolayers were 
thawed at room temperature and the cells scraped off the glass 
with a rubber policeman. After rinsing with cold 0.5N HCIO^, like 
suspensions were pooled and centrifuged. Cell pellets were 
extracted twice with cold 0.5N HCIO^. The precipitates were 
resuspended in 0.5N HCIO4 and heated at 80°C for 30 min. Hot 
acid-supernatant fractions were retained for radioactive counting 
and the colorimetric determination of DNA (Burton, 1956).
Protein containing fractions were obtained in a similar 
fashion, except that the hot acid-precipitable fractions were 
dissolved in 0.5N NaOH. Separate aliquots were taken for 
radioactivity and protein (Lowry et al., 1951) determinations.
Radioactive Counting
The scintillation fluid consisted of toluene (1000 ml), 
ethylene glycol monomethyl ether (700 ml), 2,5-diphenyloxazole (4g) 
and [p-bis-£2-(5-phenyloxazolyl)J ] benzene (50 mg) (Warner and 
McClean, 1968). To 10 ml of scintillation fluid, a 0.2 ml aliquot of 
sample was added. Counts were determined with a Nuclear Chicago^ 
liquid scintillation system (Model Mark II 4643). Specific 
activities were reported as counts/min/mg or jig of sample.
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7EXPERIMENTAL RESULTS
Effect of Single Amino Acid Omission from MEM on IBR Virus Yields 
In preliminary experiments to determine the relative 
importance of the amino acids in MEM on IBR replication, duplicate 
IBR-infected MDBK cultures were overlaid with complete Eagle’s 
MEM and MEM deficient in one amino acid. Following; a 24-hr 
incubation period, the viral yields were titrated. Figure 1 
summarizes the reduction in p.f.u. with different amino acid 
deficient media as a percentage of that in controls. The omission 
of either arginine or leucine resulted in greatly reduced yields; 
about 97 and 88 percent of the controls, respectively. Lesser 
reductions in viral yields were obtained when each of the remaining 
amino acids was deleted. While lysine-deficient MEM exhibited less 
than 1% reduction, the omission of glutamine (the amide of glutamic 
acid) gave still a higher viral yield than control cultures.
Effect of Leucine and Arginine Concentrations on IBR Virus Yields 
To establish the optimum concentration of arginine and *
leucine for IBR productivity, virus-infected cultures were overlaid 
with MEM containing varying levels of either amino acid. Figure 2
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Fig. 1. Effect of single amino acid omission from MEM 
medium on IBR virus yields at 24-hr. Length of bars in the figure 
represent the reduction in p.f.u. with amino acid deficient media 
expressed as a percentage of the yield from control cultures with 
complete medium.
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Fig. 2. Effect of arginine and leucine concentrations on
IBR virus yields. The concentration of amino acids used in Eagle's 
MEM is indicated by arrows. Each point in the arginine curve (^) 
and the leucine curve (©) represents total yield of virus at 24-hr.
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shows that raising the concentration of arginine and leucine over 
that present in Eagle's MEM had a definite stimulatory effect on 
viral yields. The upper limit of arginine and leucine concentration 
for maximum yields of virus was 1.2 mM and 1.0 mM, respectively. At 
concentrations beyond these levels, the amino acids exhibited an 
inhibitory effect. Also, it was observed that the virus yields 
declined at similar rates in the presence of high levels of these 
amino acids.
Effects of Leucyl Peptides in MEM on Virus Yields
To test the possibility that blocking r-k-amino and 
oC-carboxyl functions of leucine might interfere with virus production, 
tri- and di-peptides containing leucine were substituted for the 
amino acid in the growth medium. Infected cultures were covered 
with these substituted media and the 24-hr virus yields titrated.
It is apparent (Table 1) that all leucyl peptides could effectively 
replace leucine in the system. Whenever leucyl peptides containing 
a glycine residue were incorporated into deficient medium, yields 
slightly greater than the controls were obtained.
Effect of D and L Configurations of Amino Acids on Virus Yields 
To determine whether the steric configuration of °(-amino 
groups of arginine and leucine is relevant to virus production, 
the effect of the D and L forms of the amino acids on infected 
cultures was examined. As shown in .Table 2, substantial amounts 
of virus were produced by substituting D-forms of leucine and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE 1
Effect of leucyl peptides on IBR virus yields*
Leucine deficient MEM (LDM) Infectivity (p.f.u./ml)
LDM 5.12 X 10
LDM + leucine 9.20 X 10
LDM + glycylleucine 1.19 X 10
LDM + leucyltyrosine 8.16 X 10
LDM + glycylleucyltyrosirie 1..16 X 10
6* Brockway bottles, each with ca. 2 x 10 MDBK cells, were
inoculated with IBR virus at a multiplicity of 4:1. Following 
adsorption at 37°C for 1-hr, the cells were covered with leucine 
deficient MEM (LDM) or LDM containing different L-leucyl peptides. 
Additives were used at a final concentration of 1.0 mM. Duplicate 
cultures were assayed for infectivity, 24-hr after infection.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE 2
Effect of D and L configurations of leucine and arginine on IBR 
virus yields*
MEM
Leucine deficient 
(LDM)
Arginine deficient 
(ADM)
Infectivity 
(p.f.u./ml)
LDM 2.60 x 106
LDM + L-leucine 3.60 x 106
LDM + D-leucine 5.90 x 106
ADM 1.12 x 105
ADM + L-arginine 4.24 x 106
ADM + D-arginine 5.40 x 105
* Experimental design as in Table 1, except that D and L forms of 
arginine (1.2 mM) and leucine (1.0 mM) were added to LDM and ADM 
media. The virus yields represent typical results obtained in at 
least two tr ia ls .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
arginine for L-forms, even though the magnitude of increase above 
the deficient medium differed considerably. With D-arginine, 
viral yields increased above those obtained with arginine deficient 
medium, yet the final titer was still lower than that with L-arginine. 
In contrast, infected cultures yielded about 40% more virus when 
D-leucine was used in place of the L-configuration.
Effect of Arginine-like Compounds on Virus Yields
In view of the results shown in the preceding experiment, 
it seemed that other structural specificities could also be 
responsible for virus production. To establish to what extent the . 
configuration of the arginine molecule could be altered, a number 
of arginine-like compounds were substituted for arginine in MEM.
The results, given in Table 3, indicate that L-citrulline 
had the capability to produce a virus yield approximately 50% 
that of control cultures. When other arginine-like compounds with 
altered guanidyl groups were tested, L-canavanine was only slightly 
active; whereas, L-ornithine had an inhibitory effect. Also 
L-homoarginine, which has one more -CH2 group than does arginine, 
was inhibitory.
Effects of Arginine and Leucine Deprivation on the Synthesis of * 
Macromolecules in Uninfected and IBR-infected Cultures
Since IBR can dominate metabolic activities of host cells
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE 3
Structural specificity of arginine-like compounds on virus yields
Growth medium* Infectivity (p. f .u./ml)"*-
ADM (Arginine deficient MEM) 3.2 X io4
ADM + L-arginine 3.2 X 105
ADM + L-homoarginine 2.2 X 104
ADM + L-ornithine 2.4 X 104
ADM + L-citrulline 1.7 X io5
ADM + L-canavanine 5.7 X 104
* Arginine and related compounds were.used at a final concentration of 
1.2 mM.
Samples were removed 24-hr after infection and titrated for 
infectious virus. The virus yields represent typical results obtained 
in at least two tr ia ls .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(Munro & Sabina, 1970), the effect of arginine and leucine deprivation
on the incorporation of tritium labeled compounds into macromolecules
of uninfected and IBR-infected cultures was determined. Pulse
3 3labeling experiments using H-valine and H-thymidine were performed 
according to the procedures described in Materials and Methods.
3
The incorporation rates of H-valine into protein in the 
presence and absence of arginine are shown in Figures 3A and B.
With uninfected cells in the presence of arginine, the 
incorporation of tritium label decreased very gradually during a 
period of 20-hr (Fig. 3). In the absence of arginine, a similar 
pattern of isotope incorporation into acid-precipitable proteins 
occurred, although the rates of incorporation were considerably 
lower than those observed with medium containing arginine. IBR- 
infected cells in MEM, with and without arginine, demonstrated a
O
rapid decrease in the rates of H-valine incorporated. However,
the incorporation is much lower in medium lacking arginine (Fig. 3B).:
The profiles of the rates of H-valine incorporated by
uninfected and virus-infected cells in medium with and without
leucine (Figs. 4A and B) are somewhat similar to those previously
shown for arginine. By comparison however, the effect of leucine
omission on the rates of tritium label incorporated were consistently
«
less pronounced than those of arginine.
The results of experiments conducted to test whether
3
leucine and arginine exculsion affects H-thymidine incorporation 
into DNA of cultures are shown in Figures 5 and 6. In complete
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3
Fig. 3. Rate of H-valine incorporation into uninfected 
and IBR virus-infected cultures in the presence and absence of 
arginine. General conditions of infection and exposure to tritium 
label were as given in Materials and Methods. Solid bars represent 
arginine containing medium and horozontal bars represent arginine 
deficient medium.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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3Fig. 4. Role of H-valine incorporation into 
uninfected and IBR virus-infected cultures in the presence 
and absence of leucine. General conditions of infection and 
exposure to tritium label were as given in Materials and 
Methods. Solid bars represent arginine containing medium 
and horozontal bars represent arginine deficient medium.
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Fig. 5. Rate of H-thymidine incorporation into 
uninfected MDBK cultures in complete and amino acid-deficient 
medium. Experimental conditions were as stated in Materials 
and Methods. Open bars represent complete MEM; cross-hatched 
bars represent leucine deficient MEM; solid bars represent 
arginine deficient MEM.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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medium, H-thymidine incorporation by uninfected cells levelled off 
at about the 6-7 hr pulse and then started a gradual decrease by the 
12-13 hr pulse. Leucine deficient medium gave incorporation rates 
quite similar to complete medium, although the levels of 
incorporation were appreciably lower. With arginine deficient 
medium, incorporation of tritium label was sharply reduced when 
compared with complete medium. When similar experiments were done 
with virus-infected cultures (Fig. 6), the results showed a
O
progressive decrease in H-thymidine incorporated in the presence of 
MEM during the early pulses. The incorporation of label with 
leucine deficient medium somewhat paralleled that obtained with 
complete medium. The pattern of the rates of H-thymidine incorporated 
in the absence of arginine were qualitatively similar to those 
obtained with uninfected cultures but the counts were lower.
Determination of the Time of Effect of Arginine and Leucine Omission 
on IBR Virus Production
Figure 7 represents a one-step growth curve of IBR virus in 
MDBK cells overlaid with complete MEM. This particular strain of 
virus displayed a lengthy lag phase which lasted until 8-hr 
postinfection. The logarithmic phase extended from the 8th to the 
20th hour after which the growth rate levelled off. To determine at 
what stage of the growth curve arginine and leucine omission had the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3
Fig. 6. Rate of H-thymidine incorporation 
into IBR-infected MDBK cultures in complete medium and 
medium lacking arginine or leucine. Experimental 
conditions were as stated in Materials and Methods. 
Open bars represent complete MEM; cross-hatched bars 
represent leucine deficient MEM; solid bars represent 
arginine deficient MEM.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Fig. 7. One-step growth curve of IBR virus 
in MDBK cells with MEM as nutrient overlay.
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greatest effect on viral production, duplicate IBR infected cultures 
were overlaid with MEM or MEM lacking both amino ,acids. At 
specified times, cycloheximide, an inhibitor of protein synthesis, 
was added to the cultures. Following a 4--hr period of incubation, 
medium containing cycloheximide was removed from the cultures.
After thorough washing, fresh MEM or MEM without arginine and leucine 
was added to the appropriate cultures. Virus yields were titrated 
at 24-hr postinfection and the results are shown in Table 4. 
Cycloheximide treatment appears to have the greatest effect at the 
16-20 hr period. By adding inhibitor in this portion of the 
growth cycle, a 70% reduction in final virus yield occurred in complete 
medium. In deficient medium however, the same treatment resulted 
in a 90% reduction in final virus yield. Therefore, 20% more virus 
is produced in complete than in deficient medium during this time.
The 16-20 hr portion of the previous experiment was 
re-examined, except that samples containing medium lacking only 
arginine and leucine were substituted in place of samples lacking 
both amino acids. The results given in Table 5 indicate that the 
inhibitor, present from the 16-20 hr period of virus growth, 
resulted in a 78% decrease in final virus yield in complete medium. 
Under the same conditions, samples without leucine or without 
arginine showed a final virus yield reduction of 80% and over 99%, 
respectively. These results indicated that arginine deficiency
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE 4
Effect of cycloheximide on IBR virus yields in MEM and MEM without 
arginine and leucine
Time of
Infectivity (p.f.u./ml)*
cycloheximide 
treatment (hrs)+ MEM* MEM-AL %
5.4 x 10^ 1.4 x 105
0 - 4 4.2 x 105 1.1 x 105
4 - 8 2.7 x 105 1.0 x 105
1 2 - 1 6 1.8 x 105 4.5 x 104 '
1 6 - 2 0
5
1.6 x 10 1.3 x 104
* Total infectious virus present at 24-hr
+ Cycloheximide was used at a concentration of 30yUg/ml.
* Arginine concentration = 1.2 mM; Leucine concentration = 1.0 mM. 
tSMEM without arginine and leucine.
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TABLE 5
Effect of arginine or leucine omission on IBR virus yields from 
the 16 - 20 hr period of the growth cycle
Time of
Infectivity (p.f.u./ml)+
cycloheximide 
treatment (hrs)* MEM'*’ MEM-arginine MEM-leucine
1.72 x 107 1.8 x 106 1.28 x 107
16 - 20 3.8 x 106 2.8 x 103 2.48 x 106
* Cycloheximide was used at a concentration of 30 rig/ml.
* Final yield of virus at 24 hrs.
* MEM contained optimal concentrations of arginine (1.2 mM) and 
leucine (1.0 mM).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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could account for the 20X reduction noted in the 16-20 hr period of 
the growth cycle, seen in the preceding experiment.
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DISCUSSION
The results presented here demonstrate that of all the 
amino acids included in Eagle’s MEM, arginine and leucine proved 
to be the two most essential for maximal yields of IBR virus from 
MDBK cells. However, the omission of any of the other amino acids 
from this medium was reflected in the amount of virus produced. 
These findings are in accord with those of Tankersley (1964) and 
Mark and Kaplan (1970), who demonstrated arginine and leucine 
requirements, respectively, although for different virus-host 
systems.
In experiments carried out to determine the relationship
between arginine and leucine in MEM and virus production, a need
for increased levels of these amino acids was observed. This
finding is not surprising since the concentrations of amino acids
in medium MEM were chosen on the basis of the growth response of
mammalian cell strains. Because the arginine requirement for IBR
virus in MDBK cells is ten times that reported for herpes simplex
virus in BSC cells (Becker et al., 1967), it appears that the
■A. *
magnitude of requirement for amino acids may differ considerably 
with various virus-host systems.
26
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In attempting to elucidate the specificity of the amino 
acid requirements, it was found that L-leucyl peptides could 
successfully substitute for free L-leucine. These results indicate 
that the leucine requirement may be satisfied by the action of 
hydrolytic enzymes, present in the virus-cell system, on leucyl 
peptides. The possibility that nonspecific peptidases occur in 
IBR-infected bovine kidney cultures has been reported (Sabina et al., 
1962) as well as the presence of proteases in culture fluids of 
monkey kidney cells (Wallis et al., 1969). When the ^-amino, the 
<=<l-carboxyl or both groups of the leucine residue were blocked, it 
appeared to have no direct influence on final virus yields. Eagle 
(1955) reported that certain nutritional requirements for growth of 
HeLa- and L-cells could be provided by peptides. On the omission of 
a single amino acid from a synthetic medium, he found that normal 
growth of tissue cells could be obtained by adding a dipeptide 
containing that amino acid at a concentration level equivalent to 
that used in complete medium. Also the effect of substituting 
peptides for all the amino acids in growth media has been 
extensively studied by Ito and Moore (1969). They examined the 
growth response of human lymphoblastoid cells in medium RPMI 
containing twenty-one individual peptides in place of amino acids. 
These authors demonstrated that the inclusion of glycyl peptides ’in 
RPMI medium resulted in an increased cellular growth response.
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Similarly in our virus-host system, addition of peptides containing 
a glycine residue resulted in a slight enhancement of virus yields.
This enhancement was also found when free glycine was added to MEM.
It is apparent (Table 2) that there are structural requirements 
with regard to the type of conformation of amino acids necessary for 
the replication of IBR-virus. Unexpectedly, the substitution of 
D-leucine for the L-isomer greatly enhanced IBR infectivity, while 
D-arginine substitution resulted in only 50% of the virus yields 
obtained with the L-form. Although it has been reported that 
D-methionine and D-cysteine can be utilized for cell growth 
(J.F.Morgan, 1958; Eagle, 1958), no information concerning the 
D-forms of amino acids and viral productivity is available.
Because of the differences in substituting capabilities of D-arginine 
and D-leucine, it suggests that these amino acids play different 
roles in the viral replicative process.
Alterations in the arginine molecule seemed to have a 
definite effect on viral yields (Table 3). Whenever the guanidyl 
group of the amino acid was altered, the infectivity of the virus 
decreased. Replacing the double-bonded nitrogen of the guanidyl 
group with oxygen (L-citrulline) seemed to result in the least 
inhibition. L-Canavanine, however, was incapable of replacing 
L-arginine as was L-ornithine which has the ( n h-C= ) portion of 
the guanidyl group removed. These results are in accord with those 
of Rouse and Schlesinger (1967), working with adenovirus in KB cells.
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They report that citrulline could replace arginine in the medium, 
resulting in approximately 70% of the final virus yield obtained 
with complete medium; whereas, ornithd.ne, was completely ineffective. 
Eagle (1959) has shown that only citrulline can substitute for 
arginine in supporting mammalian cell growth. Furthermore, the 
length of the aliphatic chain of the amino acid also appears to be 
important. L-Homoarginine, which contains one ( -CH2 ) group more 
than arginine, resulted in greatly reduced virus yields when 
substituted for arginine in MEM. This result might be expected 
with L--homoarginine, since the extra mass of its folded aliphatic 
chain increases the probability of a steric-induced conformational 
change. The high degree of specificity of the requirement for 
arginine tends to support the theories of Becker jjt _al. If 
arginine is required in the final stages of maturation in the 
formation of the protein coat, then its importance might be at the 
molecular level in the synthesis of protein through RNA. In this 
capacity, the structure of the arginine molecule would have to be 
exact, or the protein coat, indispensable for infectivity, would 
eventually be deformed. If arginine is incorporated directly into 
the protein coat as is suggested by Rouse and Schlesinger (1967), 
then lengthening of the aliphatic chain, as indicated above, would 
result in a physical distortion. In either case, the effect would 
lead to a reduction in virus infectivity.
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Pulse labeling experiments demonstrate that omission of
3
arginine caused a marked suppression of H-valine incorporation into
protein of uninfected cells. A rapid inhibition of JH~valine
incorporation in IBR-infected cells in medium with or without
arginine was observed, although the amount of label incorporated
was considerably less with the latter. Under similar experimental
conditions using medium with and without leucine, somewhat similar
profiles of the rates of H-valine incorporation were observed.
However, the difference in the amounts of tritium label incorporated
in the presence and absence of leucine was much smaller than the
differences noted in the arginine experiments. These isotope
incorporation data provide evidence that host protein synthesis in
uninfected and IBR-infected MDBK cells can be inhibited to varying
degrees by the omission of a single amino acid. Furthermore, these
results may suggest that arginine and leucine are associated with
different roles in the synthesis of viral proteins.
The results of experiments in which either leucine or
arginine is omitted, indicate that ^H-thymidine incorporation into
DNA of uninfected and virus-infected cells is appreciably affected.
Again, arginine omission showed a greater reduction of tritium label
incorporated than did leucine omission. Previous experiments have
«
suggested that the omission of arginine does not interfere with 
viral DNA synthesis, (Becker, et al., 1967; Rouse and Schlesinger, 
1967). It must be remembered that the experiments here demonstrate
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the combined rates of host cell and viral DNA synthesized. In 
view of the fact that uninfected cells showed a reduced capacity to 
incorporate tritium label into DNA over the test period, and because 
of the previous evidence on viral DNA synthesis, one might conclude 
that arginine omission affects the synthesis of cellular DNA rather 
than viral DNA.
Inhibitor studies demonstrated that the omission of 
arginine and leucine appeared to have the most dramatic effect on 
the growth cycle of IBR-virus during the 16-20 hr segment. However, 
further investigation indicated that this effect could be ascribed 
almost entirely to the omission of arginine from the medium. The 
lack of leucine appeared to have only a slight effect from the 
l6th-20th hr, by comparison to arginine omission, strongly indicating 
that arginine is required in the later stages of viral replication. 
Again, this finding is in agreement with the theories of Becker e_t al. , 
(1967) and Rouse and Schlesinger (1967), who claim that arginine is 
required in the maturation of herpes virus and adenovirus, 
respectively.
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SUMMARY
The amino acid requirements of IBR. virus in MDBK cells were 
investigated using Eagle's MEM as nutrient overlay.
1. Omission of any one amino acid from MEM resulted in 
reduced viral yields.
,2. Of the amino acids in MEM, arginine proved to be the 
most essential for virus production and the next most essential was 
leucine.
3. The optimum concentrations of arginine and leucine in 
MEM for maximal virus yields were found to be 1.2 mM and 1.0 mM, 
respectively.
4. L-Leucyl peptides could effectively replace L-leucine in 
the medium. Yields slightly higher than controls could be obtained 
by the addition of peptides containing a glycine residue.
5. Substitution of D-leucine for the L-isomer greatly 
enhanced IBR infectivity, while D-arginine substitution resulted in 
only 50% of the virus yields obtained with the L-form.
6. Alterations of the arginine molecule resulted in 
reduced viral yields. c
7. Pulse labeling experiments with both uninfected and 
virus-infected cultures, showed that arginine or leucine omission
32
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from the nutrient medium interfered with the incorporation of 
3 iH-valine and thymidine, respectively.
8 . Inhibitor studies indicated that arginine is required 
in the later stages of IBR virus replication.
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